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[57] ABSTRACT

Hydraulic sawing cycle control system for an undercut
swing saw. Hydromotor 5 with crankshaft 7 fitted
thereon without play drives the sawing lever arm 2 via
a connecting rod 3. One revolution of the hydromotor
corresponds to one saw cut. The hydromotor 5§ is
thereby controlled via a proportional valve. The path of

movement of the sawing cycle can advantageously be
regulated.

9 Claims, 2 Drawing Sheets
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SAWING CYCLE CONTROL SYSTEM FOR AN
UNDERCUT SWING SAW

This application 1s a continuation of U.S. application
Ser. No. 07/340,990, filed on Apr. 20, 1989, now aban-

doned. -

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a sawing cycle control sys-
tem for an undercut swing saw according to the pream-
ble of Patent claim 1.

2. Description of the Prior Art

Two sawing cycle control systems for undercut
swing saws are described in a company prospectus of
Messrs. Precision Product Co., 28380 Stone Road, Bor-
ing, Oreg. 97009 U.S.A. In one control system the saw
blade is mounted on a lever arm and swivelled out from
the table by means of a pneumatic cylinder. The sawing
" cycle within which the saw is moved up and down and
which determines the cutting time takes about 0.5 sec.

It is frequently desired to make this time substantially
shorter. However if the cutting time 1s shortened in this
sawing cycle control system, problems arise regarding
the mass forces which occur and these problems can
only be curbed by very expensive measures, if at all.

With the second sawing cycle control system the
movement of the swing saw is brought about by a crank
gear mechanism which moves the swing up and down
via a connecting rod. The crank gear mechanism 1s
driven either by an electromotor or by the saw motor.
A sinusoidal acceleration and braking path 1s produced:
however couplings are required. Even if an electro-
magnetic coupling is-used the switching time required
has proved disadvantageous. Further problems have
also arisen through the switching frequency and accu-
rate stopping required. A particular disadvantage of this
known sawing cycle control system 1s that the resulting
movement cannot be adjusted or regulated.

OBJECT OF THE INVENTION

The invention is based on the problem of providing a
sawing cycle control system for an undercut swing saw
of the kind described at the beginning wherein both the
~ sawing frequency can be adjusted in a wide range and

the path of movement within a cycle can be adjusted in
a predetermined desired manner.

SUMMARY OF THE INVENTION

This is achieved through the technical instruction of
Patent claim 1.

It is particularly advantageous if the shaft of the hy-
dromotor is connected in direct keyed engagement with
the shaft of the crank gear mechanism. In particular the
rwo shafts are wedged together. Through this coupling
of the hydromotor with the shaft of the crank gear
mechanism, the said crank gear mechanism automati-
cally turns as the hydromotor rotates. The saw 1s

thereby compietely extended out from its lower dead 60

center position and returned back to the lower dead
center position. Advantageously the angular velocity of
the hydromotor is controlled by controlling the supply
of compressed medium in dependence on the phase
angle of the sawing cycle. Through the invention |
becomes possible to use governable hydraulic control
means to control both the sawing frequency and the
path of movement so that the cutting speed can be easily
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adapted to both the wood cross-section and the type of
wood. At the same time the saw blade 1s lowered with
the maximum possible speed. The mass forces which
occur can be optimally curbed and the wear and noise
reduced to a minimum. Stroke times of the saw in the
range from about 0.2 to 0.1 sec. per cut are possible.
Before starting the sawing cycle, which is preferably

triggered from outside, the supply of compressed me-
dium and thus the angular velocity of the hydromotor
are advantageously set to a predetermined fixed value
so that the sawing speed can be set to slow or quick as
required. Rising up to this fixed value can likewise be
carried out with a predetermined acceleration, if there
is the possibility of determining the switching time—the
(e between the start and reaching the desired fixed
value. This fixed value, is the set angular velocity of the
hydromotor, is maintained at the maximum up to reach-
ing the upper dead center which corresponds to the
phase angle w. However it is particularly advantageous
if this fixed value is only maintained until just before
reaching the upper dead center (phase angle 7). Then it
is changed over to a predetermined higher fixed value
so that the hydromotor runs at a higher angular velocity
from now on and the saw moves down with a greater
motion. This fast downward speed is maintained until a
predetermined phase angle between the upper and
lower dead centers. Then there is a switch-over to a
program control and program-controlled the supply of
compressed medium and thus the angular velocity are
reduced to zero, is the falling movement is braked.

In a particularly advantageous design of this sawing
cycle control system, a proportional route valve with
electric position regulator 1s switched into the com-
pressed medium supply line of the hydromotor. The
electric position regulator has an external input for
setting the angular velocity of the hydromotor and a
control input which is connected to an electronic con-
trol unit to which two dead center switches and a pro-
gram control are connected.

With the proportional route valve the hydromotor 1s

controlled according to a programmed operating cycle.

The external input of the electronic position regulator 1s
advantageously connected to a potentiometer, which
when adjusted determines the angular velocity which
the hydromotor goes up to after the start of the cycle.
The acceleration is set in the electronic control unit.
The two dead center switches can be mounted at any
points of the entire gear mechanism where the upper
and lower dead center position of the saw blade can be
clearly detected. By way of example, these dead center
switches can be designed as end switches or can be
cam-controlled switches. At the latest on reaching the
upper dead center point, 1S the phase angle , the switch
for the upper dead center switches the angular velocity
of the hydromotor over to the higher fixed value set 1n
the electronic control. Advantageously this switch-
over has already occurred at a phase angle just before
. This switch-over can be carried out through a corre-
sponding adjustment of the upper dead center switch or.
also through the program control. After the cut, the
saw biade is then drawn back at a higher speed cond!-
tioned by the higher anguiar velocity. On reaching a
predetermined phase angle in this return stroke range
the supply of compressed medium and thus the angular
velocity of the hydromotor are returned to zero in pre-
datermined manner. This braking and stopping cycle 1s
terminated at the phase angle 27 and triggers the lower

~ dead center switch which switches the electronic cir-
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cuit back to the starting conditions. An interchangeable
cam plate is provided on the crank shaft for the pro-
gram control, particularly in the phase angle range (s .
. . 2m). The angular position of this cam plate on the
crankshaft 1s adjustable. The program control takes
place through the control edge of the cam plate which
Is opposite an inductive route sensor. The distance be-
tween the control edge and the route sensor varies in a
programmed way as the crank shaft rotates. A control
voltage supplied to the electronic control unit is thereby
induced by means of which the braking phase of the
hydromotor is regulated.

One aspect of the invention resides broadly in a saw-
iIng cycle control system for an undercut swing saw
which is connected to a lever arm which is in driving
connection with a connecting rod of a crank gear mech-
anism, characterized in that the shaft 6 of a hydromotor
5 1s connected in direct keyed engagement with the
shaft 7 of the crank gear mechanism 4 and the angular
velocity w of the hydromotor § is controlled by regulat-
ing its supply of compressed medium in dependence on
the phase angle of the sawing cycle (0=lower dead
center — =upper dead center — 27 =lower dead cen-
ter).

Another aspect of the invention resides broadly in a
control system for an undercutting saw and the like
including: frame device for supporting the saw: lever
device which is connected to the saw and is movably
connected to the frame device for altering the position
of the saw relative to the frame device; motor apparatus
connected to the saw for rotating the saw at a prese-
lected angular velocity; and control apparatus con-
nected to the lever device and the motor apparatus
which receives data regarding the relative position of
the saw with respect to the frame device and which
adjusts the preselected angular velocity of the saw in
relation to the data regarding the relative position of the
saw with respect to the frame device.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be ex-
plained with reference to the drawings in which:

FIG. 1 is a diagrammatic side view, partly in section:

FIG. 2 a front view of a crank drive of an undercut
SWIng saw;
- FIG. 3 is a diagrammatic circuit diagram of the saw-
ing cycle control system; and

FI1G. 4 is a graphic illustration of the controlled saw-
ing cycle.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

As can be seen in FIGS. 1 and 2, an undercut swing
saw 1 which is driven by a motor (not shown) is
mounted on a lever arm 2 which swivels about the
swivel axis 21. A connecting rod 3 is connected to the
lever arm 2 at 22 between the rotary shaft of the swing
saw 1 and the swivel axis 21. The connecting rod 3 is
driven by the crank pin 23 of a crank gear mechanism 4.
The crank gear shaft 7 of the-crank gear mechanism 4 is
connected in keyed engagement with the shaft 6 of the
hydromotor 5. The hydromotor 5 with the crank shaft
7 fitted thereon without play drives the saw lever arm 2
via the connecting rod 3. Rotation of the hydromotor 5
automatically produces a complete rotation of the crank
gear mechanism 4 from the lower dead center position
through the upper dead center position and back to the
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lower dead center again and thus corresponds to a saw
cut.

As shown in FIG. 3, the drive of the hydromotor § is
produced by a compressed medium which is conveyed
through the pump 9. A proportional route valve 12 with
electric position regulator 13 is inserted into the com-
pressed medium supply line 8. Such proportional route
valves serve to control the angular velocity and direc-
tion of movement of the hydromotors. Controlling the
angular velocity and direction can be carried out by
these according to programmed operating cycles. The
proportional route valve 12 regulates the supply of
compressed medium to the hydromotor 5 and its exit to
the sump 10 via the compressed medium pipes 11. The
electric position regulator 13 has an external input
which is marked by Poti. This input is connected to a
potentiometer by which the desired angular velocity of
the hydromotor § is set. According to the setting of this
potentiometer, the hydromotor 5§ can turn with a low or
high angular velocity depending on whether the sawing
cycle 1s to be carried out fast or siow.

The electric position regulator 13 has a second input
14 which is connected to an electronic control 15. This
electronic control 15 has an outer setting input marked
E. In particular this can be used to set the rotating speed
at which the hydromotor 5 runs as the saw blade 1
moves downwards. Through E a fixed value is selec-
tively introduced into the electronic control 15 which,
switched on, sets the proportional route valve 12 to a
larger opening than that set by the potentiometer.

Furthermore, through E the speed can be set at
which the proportional route valve 12 is set to the pre-
determined fixed value.

The electronic control system 15 has two further
inputs which are connected to the upper dead center
switch OTS and the lower dead center switch UTS.

- The two switches UTS and OTS are diagrammati-
cally illustrated in FIG. 3.

It should thus be pointed out that there are various
possibilities for designing and mounting these two
switches so that they switch at the upper and lower
dead center of the cycle. By way of example the shaft 7
can be provided with cams which operate these
switches. These switches can however also be limit
switches mounted in the swivel area of the lever arm 2.
The switches can be cam switches or inductive initia-
tors.

For the program control, particularly braking, a cam
plate 17 is mounted on the shaft 7. The angular position
of this cam plate and the shape of the control edge 18
can be selected according to requirements. An induc-
tive route sensor 19 is mounted at a distance A in the
peripheral area of the control edge 18. As the crank
shaft 7 turns, this distance A between the control edge
18 and inductive route sensor 19 alters in a predeter-
mined way. A control voltage is thereby induced which
1s processed in the electronic control 15 in order to send
command signals to the electric position regulator 13
via the input 14.

A diagram of the sawing cycle is illustrated in FIG. 4.
The angular position of the crank gear mechanism, is
the phase angle a of the sawing cycle, is plotted on the
abscissa. The abscissa begins at the lower dead center of
the sawing cycle which corresponds to the phase angle
a=0. The upper dead center of the sawing cycle is
reached at phase angle 7. The swing saw blade 1 is
thereby located at the end of the cutting process. Reset-
ting now begins for the saw blade 1 and this extends to
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the phase angle 27 at which the lower dead center of
the crank gear mechanism is again reached.
~ As shown in FIG. 4, the hydromotor § can be set to
n-values anywhere in an area between a lower speed wj,
and an upper speed w,. These values are shown 1n FIG.
4 by horizontal lines wherein the lower line is desig-
nated “slow’’ and the upper line “fast”. Selecting one of
these values for the hydromotor § is undertaken by the
potentiometer Poti diagrammatically shown in FIG. 3.
The angle 3 shown in FIG. 4 represents the accelera-

tion with which the rotational speed of the hydromotor

S is reached. This angle 8 can be set by the input E
(FIG. 3). As shown diagrammatically in FIG. 4, the
start is triggered externally. Once the start has been
triggered, the hydromotor 5 runs up to the set speed
value w and remains at this value up to the upper dead
center at the latest. The switch-over preferably takes
place at angle aj, which 1s just before 7. The switch-
over is made through the upper dead center switch
OTS which is then mounted correspondingly at the
angle aj. By operating the dead center switch the pro-
portional route valve 12 is set to the higher angular
velocity wgr through the electronic control 14 and the
electric position regulator 13. This higher angular ve-
locity wgr causes a rapid resetting of the saw blade 1.
This resetting must be braked. With the illustrated
phase angle a; the cam plate 17 becomes operative
which controls the electronic control via the route
sensor 19. Through the program contained implicitly in
the alteration of the distance A, the braking illustrated
diagrammatically in FIG. 4 is continued down to the
angular velocity zero. At 27 the switch UTS is oper-
ated which switches the program back to the starting
value.

The invention as described hereinabove in the con-
text of a preferred embodiment i1s not to be taken as
limited to all of the provided details thereof, since modi-
fications and variations thereof may be made without
departing from the spirit and scope of the invention.

What is claimed is:

1. Apparatus for controlling a sawing cycle of an
undercut swing saw, said saw comprising,

a lever arm having a first end portion and a second

end portion,

said lever arm first end portion rotatably supporting

- an undercut swmg Saw,
a frame,
said lever arm second end portion connected to said
frame for angular movement of said lever arm
relative to said frame,
a hydraulic motor mounted on said frame and having
a drive shaft,

regulator means connected to said motor for rotating
said drive shaft at preselected rotational speeds
through preselected angles of movement of said
lever arm,

crank gear means connected to said drive shaft of said

motor,

said drive shaft being in direct engagement with said

crank gear means,

said crank gear means being directly connected to

said lever arm for converting rotation of said drive

shaft to angular movement of said lever arm iIn
relation to said frame,

a connecting rod being connected between said crank
gear means and said lever arm, said connecting rod
for driving said lever arm,
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control means connected to and controlling said reg-
ulator means, -

satd control means comprising means for sensing the
relative angular position of said lever arm with
respect to said frame to change the rotational speed
of said drive shaft and said crank gear means and
for selectively adjusting the angular velocity of
said lever arm and said crank gear means as said
lever arm swings through the sawing cycle,

sald control means comprising means for setting a
control value corresponding to the tangent value of
an angle 83,

said control value of tangent 8 corresponding to a
rate of change of angular velocity of said crank
gear means relative to the angular displacement of
sald crank gear means,

said angular displacement of said crank gear means

defining a phase angle, a, of the sawing cycle, said

phase angle being

zero at a lower dead center position of said crank
gear means,

7 at an upper dead center position of said crank

gear means, and
27 at the lower dead center position of said crank
gear means, -
said control means comprising means for selectively
maintaining said crank gear means at zero angular
velocity in said lower dead center position of a =0,
said control means comprising means for predeter-
mining said control value of tangent S,
control means comprising means for changing the
angular velocity of said crank gear means from
zero, at a=~0at the lower dead center position, to
one of a range predetermined angular velocities (w;/
.. ) at a rate corresponding to said control value
of tangent f3,
said control means comprising means for, subse-
quently to the changing of the angular velocity
from zero to said one of a range of predetermined
angular velocities (wj. . . wp), displacing said crank
gear means at said one of a range of predetermined
angular velocities (w; . . . w,) during sawing,
wherein said crank gear means rotates up to a maxi-
mum phase angle,
said maximum phase angle being less than a total
angular displacement of 7 radians at the upper
dead center position,
said control means comprising means for increasing
said angular velocity, subsequent to sawing, of said
crank gear means to a predetermined higher angu-
lar velocity wg, during rapid resetting of the saw,
wherein said crank gear means further rotates up to
a total angular displacement which 1s ay,
said predetermined higher angular velocity wg being
greater than any one of the velocities in the range
of predetermined angular velocities (w;. . . ®y),
said total angular displacement a; being less than a
total angular placement of 2+ radians at the lower
dead center position, and
said control means further comprising program con-
trol means for controlling deceleration of the angu-
lar velocity of said crank gear means, program-
controlled, to zero angular velocity at the end of
- the rapid resetting of the saw, wherein said crank
gear means further rotates up to the lower dead
center position, at a total angular displacement of
27 radians.
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2. The apparatus according to claim 1, wherein said said lower dead center switch being disposed at the
control means comprises: lower dead center position of said crank gear
external input means for setting said one of a range of means; and
predetermined angular velocities (w;. . . @y); said upper dead center switch being disposed at the
control input means; 5 upper dead center position of said crank gear
said control input means being connected to an elec- ~ Incans. |
trical control unit: 6. The apparatus according to claim 4, wherein said

regulator means comprises:
electronic position regulator means; and
10  proportional route valve means. _
7. The apparatus according to claim 6, said control
means comprising:
said motor comprising a feed pipe for the entry of
compressed medium into said motor; and

said electrical control unit comprising:
two inputs for limit switches; and
one input for said program control means.
3. The apparatus according to claim 1, wherein said
program control means comprises:
inductive sensor means; and

4 cam plate; and N _ | .. 157 said proportional route valve means being connected
sald cam plate comprising means for influencing said to said feed pipe.
Inductive sensor means. | o 8. The apparatus according to claim 3, wherein said
4. The apparatus according to claim 1, wherein said apparatus comprises:
control means are hydraulic control means. said crank gear means comprising a crank shaft; and
S. The apparatus according to claim 2, wherein said 20  said cam plate being disposed upon said crank shaft.
control means comprises: 9. The apparatus according to claim 2, wherein said
sald limit switches being an upper and a lower dead external input means comprises a potentiometer (Poti).
center switch; O * x
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 5,058,470
DATED . October 22, 1991

INVENTOR(S) : Adolf FROHLICH

It 1s certified that esrror appears in the above-identified patent and that said Letters Patent is hereby
corvrected as shown below:

In column 1, line 33, delete "produced:" and
insert =--produced;--.

In column 3, line 7, delete "saw:" and insert
~—Saw; =—.

Column 6, line 10:
Claim 1, line 46, delete "being" and insert

Column 6, line 35:
Claim 1, line 60, delete "0 = Oat” and insert =--a

= 0, at-—-.

Signed and Sealed this
Twenty-third Day of February, 1993

Artest:

STEPHEN G. KUNIN

Artesting Officer Acting Commissioner of Patents and Trademarks
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